Influence of Presequence Peptides on the NMR Spectrum of ⌬50Tom20 25-50), followed by a protease-resistant core domain (residues 51-145, ⌬50Tom20) ( Figure 1A ).
NMR spectra of purified ⌬50Tom20 in aqueous solution were recorded at 30ЊC. The backbone and sidechain ⌬50Tom20 inhibited the in vitro import of a precursor protein of cytochrome oxidase subunit IV (pCOX IV) by resonances of ⌬50Tom20 were assigned from standard heteronuclear three-dimensional NMR experiments. We competing with full-length Tom20 in isolated mitochondria ( Figure 1B (Table 1) .
with a Presequence Peptide
The structure of ⌬50Tom20 consists of five ␣ helices, The structure of the ⌬50Tom20-pALDH ( Figure 5A ). These hydrophobic residues are well conassociated with a packing angle of ca. 25Њ between the two helical axes. The TPR motifs in the Sec17 protein served among the Tom20 proteins from different organisms. Some of the residues are located in the TPR motif, also share the same two-helix structure (Rice and Brü nger, 1999). Although the TPR motif usually occurs but other residues are outside the motif ( Figure 3A) .
shallow, so that hydrophilic residues of the peptides on the other side of the helix are exposed to the aqueous solvent ( Figure 5B ). The size of the hydrophobic patch suggests that an amphiphilic helix bound to Tom20 is at most two turns long, and therefore, sequences recognized by Tom20 are as short as 8 amino acid residues, whereas most presequences consist of 20-40 residues. In contrast to the large number of intramolecular NOEs within ⌬50Tom20, less than 20 intermolecular NOEs were obtained between ⌬50Tom20 and pALDH(12-22) in the complex. Intermolecular NOEs were observed only between methyl protein resonances, even at saturated peptide concentrations, suggesting the substantial attenuation of the NOE intensities at the molecular interface between ⌬50Tom20 and pALDH(12-22). Such NOE attenuation might reflect a limited number of well- 
Glu
79 of Tom20 ( Figure 5B ), whereas Arg 17' is exposed to the solvent. However, the limited number of welldefined, intermolecular sidechain interactions in the NMR structure of the ⌬50Tom20-pALDH(12-22) complex makes it difficult to evaluate the significance of this putative ionic interaction in the presequence recognition.
We thus performed the mutagenesis study to determine which type of interaction, hydrophobic or ionic, is more important in the presequence binding to Tom20. Two pALDH (1-22) →Gln, were prepared and were subjected to the NMR titration experiments. The results show that the replacement of positively charged arginine residues by neutral glutamine in the C-terminal half of the presequence did not affect the presequence binding to ⌬50Tom20 (Figure 6A) →Gln, in which hydrophobic leucine residues in the C-terminal half were replaced by hydrophilic glutamine residues, showed significantly reduced abilities to bind to ⌬50Tom20 ( Figure 6A ).
In parallel, we examined the effects of the removal of the negative charges around the binding groove of ⌬50Tom20 on the presequence binding. NMR titration experiments showed only slightly decreased binding of pALDH by the presequences were expressed in E. coli cells using the vector
